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The early use of ACE inhibitors after acute myocardial infarction (MI) has been investigated in four trials (CONSENSUS II, GISSI 3, ISIS 4, and CCS 1) involving more than 98 000 patients with treatment initiated within 24-36 hours from the onset of MI symptoms. [2] [3] [4] [5] Five of the trials (SAVE, AIRE, TRACE, and SOLVD prevention and treatment trials) involving a total of over 11 000 patients investigated the eVects of late treatment with ACE inhibitors in patients with left ventricular dysfunction or failure. [6] [7] [8] [9] [10] Early unselected trials An overview of the early, unselected trials showed that 30 days after MI, patients allocated to ACE inhibitors had a significant reduction in mortality from 7.6% to 7.1% (p = 0.004), which corresponds to five lives saved per 1000 patients treated. 1 11 In addition, there was a significantly lower rate of non-fatal congestive heart failure episodes, with a reduction from 15.2% among patients allocated to control, to 14.6% among patients allocated to ACE inhibitors (p = 0.01). This corresponds to the prevention of six cases of non-fatal heart failure per 1000 patients treated. 1 11 Unexpectedly, the benefit of ACE inhibitors was achieved very early after the start of treatment; 239 fewer deaths were observed during the first 30 days in the group receiving ACE inhibitors than among those patients allocated to control. Of these 239 deaths, 200 were saved in the first week after the beginning of treatment and the onset of symptoms. This means that more than 80% of the benefit achieved with this strategy was achieved in the first week after the onset of MI symptoms.
Long term follow up data from the GISSI-3 trial show that the early benefit of ACE inhibitors was maintained over a long period of time.
The benefits achieved after six weeks were still present four years later: eight lives saved per thousand at six weeks, five lives saved per thousand at six months, and nine lives saved per thousand at four years.
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Late selected trials There were three key studies looking at the use of ACE inhibitors some days after MI in patients with left ventricular dysfunction or heart failure: SAVE, AIRE, and TRACE. [6] [7] [8] The SAVE trial randomised more than 2000 patients with an ejection fraction < 40% to captopril or placebo. 6 The AIRE trial selected patients on the basis of clinical heart failure and approximately 2000 patients were randomised to ramipril or placebo. 7 And finally, the TRACE trial randomised patients to trandolapril or placebo if an echocardiographic evaluation of wall motion corresponded to an ejection fraction of < 35%. 8 A recent overview of these trials showed that mortality was significantly reduced from 26.5% to 22.1% (p = 0.00001) in patients receiving ACE inhibitors. In absolute terms this corresponds to 44 lives saved per 1000 patients treated, which is highly significant. Similarly, the risk of reinfarction was reduced from 12.2% to 10.2% (p = 0.0004), corresponding to 20 reinfarctions prevented per 1000 patients treated.
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Clinical implications
WHEN TO TREAT?
There is no evidence of a time related benefit of ACE inhibitors. However, mechanistic studies have shown that early treatment reduces infarct expansion and ventricular enlargement. In addition, a review of the early trials shows that more than 80% of the total benefit of ACE inhibitors is achieved in the first week after the onset of symptoms 1 11 ( fig 1) . The benefit achieved in the first few days after acute MI is maintained over at least four years 12 ( fig 2) . It is therefore important not to miss the opportunity to save lives because of unnecessary delays.
WHO TO TREAT?
The overview of the early, unselected trials shows that the mortality reduction was similar among all the subgroups in the studies. In terms of adverse reactions, the risk of hypotension and renal dysfunction was similar in patients at diVerent levels of risk, except in older patients (> 75 years). 11 With the exception of elderly patients, predictors of an increased risk of death such as prior MI, diabetes, anterior MI location, and All these patients should be re-evaluated at discharge, or after two weeks. ACE inhibitor treatment should be continued long term only in those patients with overt heart failure or extensive left ventricular dysfunction.
COST OF TREATMENT
The cost of this strategy is reasonable. A pharmacoeconomic analysis of the GISSI-3 trial shows that using lisinopril in patients after MI (early treatment) costs approximately $2200 per life saved. 13 Treating patients with left ventricular dysfunction for four years following discharge costs approximately $10 000 per year or life saved.
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CURRENT CLINICAL PRACTICE A survey in the first three months of 1999 among Italian patients looked at how evidence based recommendations translate into clinical practice. The study showed that ACE inhibitors for the treatment of myocardial infarction in the acute phase (< 24 hours) are clearly underused with an actual use of only 39% compared with an expected use of 70% (Latin Survey presented at the Cardiac Emergency Strategies for Y2K, Rome, Italy, October 15, 1999) .
With respect to the secondary prevention strategies, ACE inhibitors are recommended in 38% of patients with left ventricular dysfunction. The rate of use of this drug was more than expected with 57% actual use. 14 
HOPE STUDY
Until recently there were no definitive data with respect to the eVect of ACE inhibitors in post-MI patients without heart failure and with preserved left ventricular function. However, at the 21st congress of the European Society of Cardiology in 1999, important new data from the HOPE study on the use of ACE inhibitors in patients at high risk of cardiovascular events were presented for the first time. 15 The HOPE study was a large scale, four year, randomised, double blind, placebo controlled study to evaluate ramipril and vitamin E in 9541 patients. Patients at high risk of developing a major cardiovascular event were included, defined as those with a history of vascular disease, or with diabetes plus one other coronary risk factor. Patients were excluded if they had heart failure or a low ejection fraction, were already taking an ACE inhibitor or vitamin E, or had an acute event in the previous four weeks.
There was a significant reduction of the composite end point of MI, stroke, and cardiovascular death from 17.5% among patients randomised to placebo, to 13.9% among those randomised to ACE inhibitors. The reduction is approximately 22% and is highly significant (p = 0.000002). This benefit is also seen in all the subgroups of patients.
Importantly, these results were obtained on top of the other recommended treatments. At the beginning of the trial, about 75% of patients were treated with antiplatelets; lipid lowering was used in 29% of patients; blockers were used in 39%; diuretics in 15%; and calcium channel blockers in 47%.
There is overwhelming evidence from HOPE that ACE inhibitors prevent cardiovascular deaths, stroke, MI, and heart failure, and reduce the rate of hospital admission for revascularisation. There is the interesting observation that in non-diabetic patients allocated to ramipril, there was a reduced rate of diabetes development in comparison with placebo. Moreover, diabetic microvascular complications were significantly reduced in the ACE inhibitor group. These benefits are consistently observed in a very broad range of high risk patients and in addition to other eVective treatments. The only adverse event was cough, which was observed in 5% more patients in the ACE inhibitor group than in the placebo group. group.bmj.com on April 19, 2017 -Published by http://heart.bmj.com/ Downloaded from Ongoing trials HOPE is not the only trial testing the hypothesis of treating coronary patients without left ventricular dysfunction or heart failure. There are at least two further ongoing trials testing this hypothesis in patients at lower risk than those randomised in HOPE: PEACE and EUROPA. 16 17 The PEACE trial is recruiting over 8000 patients and is comparing trandolapril with placebo.
14 All patients have well documented coronary heart disease and an ejection fraction higher than 40%. The primary end point is MI, cardiovascular death, and the rate of revascularisation procedures. The follow up is 5.5 years.
The EUROPA trial is looking at perindopril versus placebo in more than 10 000 patients. 15 All patients have well documented coronary artery disease. End points include death and MI. The follow up is 3.75 years.
Conclusion
Long term ACE inhibitor treatment is strongly recommended in patients with documented coronary artery disease and when these patients show clinical signs or symptoms of heart failure and left ventricular dysfunction. The HOPE trial supported the indication of long term ACE inhibitor treatment of all patients at high risk of cardiovascular events. However, at least one of the two ongoing trials, PEACE and EUROPA, should be completed before a definite conclusion about the use of ACE inhibitors for all patients with coronary artery disease, or who are at high risk, is reached. 
